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WHAT IS CLAIMED IS: 

1- A method comprising the steps of: 

a) ^'^Pe^instum.tlonallzedCNTsl^ 

b) adding epoxy resin to the dispersion to form a mixture; 

c) removing solvent from the mixture to fnrm ^ tJ u 

fnixiure' solvent-free 

d) adding curing agent to the solvent^e mixture- and 

e) curing the solvent-free mixture to fomi a CNT^poxy composite 

Where, the C^^sare dispersed andintegretedlntotheepo^ratrT^^^ 
2. The method of ciaim 1 whproirt ^ 

^^^^^^^^^^ =«a.». 1, whe«m a« step Of dispe^mg i„volves 

0, a^s soh,en.^ ™,„^ ^^^^ ^^^^ 
4. J^«™'h<^°' Claim l.whamN, ft, epo^^i,,^^ 

T1» .nelho. Of dai. 5. wh«* «„ ,s ^ ^ ^ 

Utvir ^ ^"-^^ — »o,ve„. « 

a U» memod Of Claim 1. whe^in me coring .gen, i, 3,„««l f™m m. g^up 

rirjT"'""' -"^"^ - 

9- T^^'hodofdaiml.whereinthecurt.Hiaaentlsaddedwahmixing. 
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12. The memcd of claim 1, »*,ereln «,e CNT-epoxy compete pos««,es at 
enhance, p^pert, aelectad ^ J^^^^ 

sheeted r™, fte group consisBng of an Inaease In Young^a nKKfelus. an 

the tensile strength, an enhanced elongation4»b«ak » =nK 7, 

•h.r>i.n- . ^ ^ enhanced toad transfer m 

the CNTsin the con?)oslte. and comblnaHons thereof. «a transfer to 

14. ^ of cl*n 1, Wherein the flmctionallzed CNTs a,« K 

process comprising the steps of - * 

«) '"Meeting Cf^s to an oxldlangenvln^^uo create end.*rtvati^ 
CJ^s. Wherein ca,to>^rc acid gro^. are present at the end, oftT^ 

b) «""rt™«n9«Heen<MerivatfeedC»^sfo yield ft^^ 
ljuonneanached to their sid««„s a™, ca^o^, add ^ attached^ 



15. 



The method of daim 14, whemin the CWTs are selected item the gmup 
"ns,stng of s-ngle-wail carbon nanot^s. carbon nanotubes, doIC 

^ ^ u^., aucMubes. ^ ,^ 

ie. ■n»<>«»*od of daim 14, Wherein the CNTs ere purtfied. 
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nateed CNTs compnsing amino groups attached to the CNT sidewalls. 

19. The method of claim 14 wherein «k<. .. 

•™>-ni «n<'»«nd«pQxlde groups attachedtotheepoxyresin. 

20. ™thod Of daim 14. wherein the ftincllonallaKi CMTs •. 

on the CNT sklewaB, and dtemlne curtng aoeni, "^"^ 

forn,rn«re^o„.het«e«,«an,,n«,..,chedri end.trcr^^^^ 
8«.upson«,.poxy«i„a.«»,h.r«d. ™* •""'^ "NTs and epoxide 

21. -me method of data, 1. «^ereln the Sjndionalized CNTe a« n»H. k 
process comprising the steps Of: ^ ^fn^s are made by a 

a) *sp«»in8CNT8inasolv»nttotbm.adl8pereion; 

b) •*'"8"<»9»fe«<9-pe«xkleofdicarl»xylioaddlothedispe«lonto 
term a reacHon mixture; and ™ orapersion to 

HO(0)Sr, IT" "C^C. 0, the type 

HO^OjtHCHA- that subsequently add to the CNT sidewalls to fom, ^ 
cart)oxylicad*lunctionali2edCNT8. lonnswewall 

22. The method of daim 21, wherein the CNTs are select«i ttam ,h 
^^na-t^, fullerene ^. eud<y.ubes, ^^|,e ^ a^c^TT' 



23. 



24. 



The method of dafm 21. wherein the CNTs are purified. 



TTie method of claim 21 . wherein the CNTs are sorted by a property selected 
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25. The method of daim 21. wherein the organic acyl peroxide of dicarboxylic 
acid is selected from the group consisting of succinic add peroxide, glutaric add 
permdde. and combinations thereof 

26. The method of daim 21 further comprising a step of reacting tKe sidewall 
carboxyllc add^unctionalized CNTs with a dilorinating agent to fbnn sidewall 
chloride-iunctionalized CNTs. 

27. The method of daim 26. wherein the dilorinating agent is seleded from the 
group consisting of Cfe, SOCb. and combinations thereof. 

28. The method of daim 26, further comprising a step of reacting the sidewall aqri 
diloride^ndionalized CNTs with a diamine to fbnn amino-functionalized CNTs. 

29. The method of daim 21. wherein the sidewall carboxyllc add^^undionallzed 
CNTs integrate into an epoxy matrix during curing by fonning ester linkages between 
the carboxyllc add groups attadied to the CNTs and epoxide groups attadied to the 
epoxf resin. 

30. The method of daim 26. wherein the sidewall ac^ diloride^nclionalized 
CNTs are integrated Into an epoxy matrix during curing via bond-fomiing reactions 
between the acyi chloride groups on the CNT sidewalis and diamine curing agents. 

31. The method of daim 28, wherein the amino-functionalized CNTs are 
integrated into an epoxy matrix during curing via bond-forming readions between 
amino groups attadied to the CNTs and epoxide groups attadied to the epoxy resin. 

32. The method of daim 1, wherein the fUnctionalized CNTs are made by a 
process comprising the steps of: 

a) reacting CNTs wiOi fluorine to yield fluorinated CNTs; 

b) dispersing the fluorinated CNTs in a solvent to fbrni a dispersion of 
fluorinated CNTs; 

c) reacting a dialcohol with a metal hydroxide to from a metal salt of the 
diaicohol; and 
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d) reacting the metal saK of the diaicohoi with the fluorinated CNTs to 
yield hydroxyMunctionallzed CNTs, 



33. 



The method of daim 32 further comprising a step of reacting the hydroxyl- 
fundionalized CNTs with epichlorohydrin to form epoxide^nctionaiized CNTs. 

34. The method of claim 32. wherein the CNTs are selected from the group 
consisting of single^all carbon nanotubes, multi^ail carbon nanotubes. double^waii 
carbon nanotubes. fullerene tubes. Buckytubes. graphite fibrils, and combinations 
thereof. 

36. The method of daim 32. wherein the CNTs are purified. 

36. The method of daim 32. wherein the CNTs are sorted by a property selected 
from the group consisting of length, diameter, chlrality. conductivity, and 
combinations thereof. 

37. The method of daim 32, wherein the diaicohoi is bisphenolA 

38. The method of daim 32. wherein the metal is selected from the group 
consisting of U, Na. K, and combinations thereof. 

39. The method of daim 33. wherein the epoxide-functionaiized CNTs are 
Integrated into an epoxy mafrix during curing via bond^orming reactions between 
amino groups attached to the curing agent 
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40. A CNT^xy polymer composite rttade by a method comprising the steps of: 

a) dispersing functlonallzBd CNTs In a solvent to fomi a dispersion; 

b) adding epoxy resin to the dispersion to form a mixture; 

c) removing solvent from the mixture to fonn a largely solvent-free 
mixture; 

d) adding curing agent to the solvent-free mixture; and 

e) curing the solvent-free mixture to form a functlonalized CNT-epoxy 
polymer composite, wherein the functionallzed CNTs are dispersed and 
Integiated Into the epoxy matrix 

41 The CNT-epoxy polymer composite of dalm 40, wherein the functionallzed 
CNTs are integrated Into the epoxy mafrix via the formation of covalent bonds. 

42. The CNT^poxy polymer composite of dalm 40. wherein the step of 
dispersing Involves ulfrasonicatlon. 

43. The CNT-epoxy polymer composite of daim 40. wherein the solvent is 
selected from the group consisting of aqueous solvents, nonaqueous solvents and 
combinations thereof. 

44. The CNT-epoxy polymer composite of dalm 40. wherein the epoxy resin is 
seleded from the group consisting of DGEBA. Novolac epoxy, cydoallphatic epoxy. 
bromlnated epoxy, and combinations thereof. 

45. The CNT-epoxy polymer composite of daim 40. wherein the step of adding 
comprises mixing of the mbcture components. 

46. The CNT-epoxy polymer composite of dalm 45. wherein the mixing is carried 
out with a high-shear mixer. 

47. The CNT-epoxy polymer composite of daim 40, whferein the step of removing 
solvent comprises heating in vacuum. 

48. The CNT-epoxy polymer composite of dalm 40. wherein the curing agent is 
seleded from the group consisting of cycioaliphaUc amines, aliphatic amines, 
aromatic amines, and combinations thereof. 
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CNTs are fluorinated SWNTs. 

52. The CNT.*pffl<y polymer composite of data 40. wherein the CW-epo», 
po^ oo^po^te posaeasea enh.««| meohartcal f^.a «lativ. to the „aB» 

53. The CNT^poxy polymer composHe of data 62. wherein sud,. enhanced 
med«n,cal properties are selected f™m the group consisting of en increese in 
Ycut^s modulus, an inaease In the tensile strength, an enhanced elongatten^o- 

breal, an enhanced load tensfer to CKTs in the con,pos«e. and combinattons 

thereof. 

54^ The CNT^poxy polymer composite of dalm 40. wherein the functlonallzed 
ONTs are made by a process comprising the steps of: 

a) subjecting CNTs to an oxidizing environment to create encWerivatlzed 
CNTs. wherein carbojcylic add groups are present at the ends of the CNTs- 
and ' 



b) fl^^fnating the en<t<terivalized CNTs to yield fundionalbedClfrsw* 
fluortne «t«*»d to their skjewall. and oart»»ylic add g«,ups attadwd to 
their ends. 

55. The CNT.epoxy polymer composite of dalm 54. wherein the CNTs «» 
selected f^m the group consisting of singled ca*on nanotubes. mulB^l 
carbon nanotubes. douWe^ll carbon nanotubes. tUB-eno tubes, Bud«tubes 
graphite fibrils, and combinations thereof. 

56. The CNT^epoxy polymer composite of dalm S4 further compnslng a step of 
^ the fundionaBzed CNTs. said fundlonaHzed CNTs comprising fluorine 
attad«d to their sktewalls and carboiorllc add graipsMached to their end^ with 
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T^r M »'*"^^™««-«»<' oms oompri^HI amino graups attached to 
the CNT sidewalts* 

ST. •f^CNT^PoxyiwIymer composite of claim 54, wherein the CNT8lnt.flrate 
into an epoxy matrix during cring by filing ester IW<ages Between the ca*«»lic 

acd groups attached to the cm- ends aKi ep«*le g^ attached to the epL 

resin. ^ 

58. The CNT-epoxy polymer composite of claim 64. whemin the CNTs Integrate 
into an epoxy matrix during curing via bond-forming reactions between the fluorine 
groups on the CNT sidewalls and diamine <^ring agents, and further comprising 
bond-fonning reactions between diamines attached on one end to the CNTs and 
epoxide groups on an epoxy resin at another end. 

59 The CNT-epoxy polymer composite of dalm 40. wherein the functionalized 
CNTs are made by a process comprising the steps of: 

a) dispersing CNTs in a solvent to form a dispersion; 

b) adding an organic ac^i pei^oxlde of dicarboxylic add to the disperelon to 
form a reaction mixture; and 

c) heating the reaction mixture to produce free radicals of the type 
H0(0)CKCH2)„. that subsequently add to the CNT sidewalls to fom, sidewalt 
carboxylic add^uncBonalized CNTs. 

60. The CNT^xy polymer composite of daim 59. wherein the CNTs are 
seleded from the gnxip consisting of single-wall carbon nanotubes. multl-wall 
carbon nanotubes. doubIe.««|| carbon nanotubes, fuHerene tubes, BucMubes 
graphite fibrils, and combinations tiiereof. 

61. The CNT-epoxy polymer composite of dalm 59 further comprising a step of 
reading the sidewafi cart,oxyllc add^undionallzed CNTs with a chlorinating agent to 
fbnn sidewali acyl chloride-fundlonalized CNTs. 



62. 



The CNT-epoxy polymer composite of daim 61. further comprising a step of 
reading the sidewali acyl diloride^undionalized CNTs with a diamine to fbmi amlno- 
functionalized CNTs. 
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63. -The CUT^ polymer composite of dabn 59. wherein the sidewan 
carboxyt,. add^onelized CNTs tntegmte into «, .poxy ™t,t, during curing by 
to™,na ester linl«aes l«twe.n the eart«»yirc add group, attached to the CNTs end 
epoxide groups attadied to the epoxy resin. 

64 The CNT.*poxy polymer composite of dalm 61, wherein the .idewaB acyl 
*londe*nc«onalized CNTs are Integ^ted into «, epoxy matrix during oting vie 
boncHbm.lng reacttons t»twean the ctMto g»ups on the CNT sideweri, and 

dramine curing agents. 

65. The CNT-epoxy polymer composite of daim 62. wherein the amlno- 
ftinctlonal^ed CNTs are integrated into an epoxy matrix during curing via bond- 
forming reactions between amino groups attached to the CNTs and epoxide groups 
attached to the epoxy resin. 

66. The CNT^poxy polymer composite of dalm 40. wherein the functionallzed 
CNTs are made by a process comprising the steps oft 

a) reacting CNTs with fluorine to yield fluorinated CNTs; 

b) dispersing the fluorinated CNTs in a solvent to fbrm a dispereion of 
fluorinated CNTs; 

c) reacting a diaicohol with a metal hydroxide to from a metal salt of the 
diatcohol; and 

d) reacting the metal salt of the diaicohol with the fluorinated CNTs to 
yield hydroxyl^nctlonalized CNTs. 

67. The CNT-epoxy polymer composite of daim 66 further comprising a step of 
r^ng the hydroxyl-functionalized CNTs with epidilorohydrin to fom. epoxide- 
functlonallzed CNTs. 

68. The CNT-epoxy polymer composite of daim 66. wherein the CNTs are 
selected from the group conslsfing of slngle^ii cartoon nanotubes. multi-wall 
cart)on nanotubes. double-wall carbon nanotubes. fullerene tubes. Bud<ytubes 
graphite fibrils, and combinations thereof. 

69. The CNT-epoxy polymer composite of daim 66. wherein the diaicohol is 
bisphenol-A. 
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70. 



The CNT^oxy polymer composite of daim 66, wherein the epoxide- 
fUncSonaHzed CNTs are integrated into an epoxy matrix during curing via bond- 
forming reactions between amino groups attached to the curing agent. 

71 . The CNT-epoxy polymer composite of daim 40 further comprising at least one 
additive selected from the group consisting of inhibitors, curing agents, viscosity 
modifiers. anH-degradation spades, colorants, nanopartlcles. nanodays. and 
combinations thereof. 

72. The CNT-epoxy polymer" composite of daim 40 further comprising a fiber 
reinforcement selected from the group consisUng of fiberglass, carbon fiber, graphite 
fabric. KEVLAR, and combinations thereof. 
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73. A method comprising the steps Of: 

a) applying solvent-dispersed CNTs onto a fibrous surface to form an 
overcoated fibrous material; 

b) removing the solvent to form a CNT-fibrous material composite; and 

( 2- ^ coating the CNT^brous material composite with a polymeric species to 

fomj a CNT-enhanced FRP composite. 

The method of daim 72, wherein the CNTs are funcllonallzed. 

-75-. 

JA". Themethodof daim 72, wherein the CNTs are SWNTs 

^ The method -of daim 72, wherein the CNTs are- dispersed in a solvent 
selected from the group consisting of alcohols. DMF, ODCB, toluene, THF. and 
combinations thereof. 

-77. 

^ The method of daim 72, wherein the step of applying Involves a technique 
selected from the group consisting of spraying, Indplent wetting. Immersing, and 
combinations thereof. 

^ The method of daim 72, wherein the fibrous material is selected from the 
group consisting of fiberglass, cariaon fiber, graphite fabric, KEVLAR, and 
combinations thereof. 

The method of daim 72, wherein the solvent is removed by an evaporative 
means. 

The method of daim 72. wherein the step of coating Involves a FRP 
composites processing techlque selected from the group consisting of lay-up. 
compressing molding, prepreg, autodave. conventional resin transfer molding (RTM) 
and Its derivative processing techniques such as vacuum assisted resin transfer 
molding (VARTM). 

JcT The method of daim 72, wherein the polymeric spades is selected from the 
group consisting of an epoxy, vinyl ester, bismalelmlde resin, and combinations 
thereof. 
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The method of daim 72, v^rein the polymeric species is an epo)^ resin that 
is subsequently aAed subsequent to the step of coating 

. The method of claim 73, wherein the functionalized CNTs comprise functional 

groups that permit their covalent integration into epo)^ matrices. 
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^ A CNT-enhanced FRP composite comprising: 

a) a fibrous material; 

b) CNTs; and 

c) a polymer matrix. 

^ The CNT-enhanced FRP composite of clam 83. wherein the fibrous material 
•s selected from the group consisting of fiberglass, carbon fiber, graphite fabric. 
KEVLAR, and combinations thereof. 

js: The CNT^hanced FRP composite of claim 83. wherein the CNTs are 
SWNTs. 

The CNT^nhanced FRP composite of dalm 83. wherein the CNTs are 
functionallzed. 

^ The CNT^nhanced FRP composite of claim 83. wherein the polymer matrix is 
selected from the group consisting of an epoxy. vinyl ester, bismalelmide resin, and 
combinations thereof. 

M The CNT^nhanced FRP composite of daim 83. wherein the polymer matrix is 
an epoj^. 

as: The CMT^nhanced FRP composite of claim 86, wherein the funcHonalired 
CNTs are oovalently integrated with the polymer matrix. 

q\ 

^. The CNT^nhanced FRP composHe of dalm 89. wherein the funcBonalized 
CNTs are functlonalized SWNTs and the polymer matrix is an epoxy. 



